Introduction
With sin 2Φ B d agreeing with CKM fit, New Physics (NP) seems absent in B d mixing, but b ↔ s transitions seem fertile. The large Kπ/ππ ratio shows the importance of penguins. More intriguing [1] is the hint of S φK S < 0, although S η K S ∼ sin 2Φ B d . Belle's 2003 result [1, 2] is 3.5σ from 0.74. Despite BaBar's change in sign, this is still a strong indication for NP in b → s penguins.
B s mixing has been "just around the corner" since the 1990s. It eliminates the second quadrant for φ 3 in the CKM fit, but this would no longer hold if NP lurks. The litmus test for NP would be to find sin 2Φ Bs = 0, hopefully in the near future. Another clear sign for NP would be wrong helicity photons in b → sγ L , which can be tested via measuring S Bs→φγ , or by measuring Λ polarization in Λ b → Λγ. However, there is now hope to reconstruct [1] B d vertex from K S at B factories, allowing one to measure S B d →K S π 0 γ where K S π 0 comes from K * 0 . The present is already bright for NP search in b ↔ s transitions, and the future can only be brighter! To elucidate the possibilities lying ahead for us, we focus on models that bring in just 1 extra CP phase in b ↔ s. The first model is that of a 4th generation [3] . The second is larges R -b R mixing [4, 5] with SUSY.
4th generation
It is peculiar that, since the early [6] discussions of impact of 4th generation on b → s , where
iΦs was taken as real for convenience, the literature that followed mostly ignored the possibility of Φ s = 0.
It is true that
. By simple rearrangement one gets,
), (1) where the first term is the usual SM contribution. , however, several modes are now measured. The first measurement of B → K was on the high side of SM3, which motivated our study of SM4 [3] . Now the number has come down, and both B → K and K * are not in disagreement with SM. In any case, the exclusive rates have larger hadronic uncertainties, so let us focus on the inclusive, where the current Belle result of B(B → X s + − ) = (6.1 ± 1.4
−6 is slightly higher than SM3 expectation of ∼ 4.2 × 10 −6 , partly because NNLO result dropped by 40%. In Fig. 1 In a way, one may say that if NNLO result for SM3 remains low, if refined experiment still gives 5 × 10 −6 , SM4 may be called for. Again we note that Φ s ∼ π/2 or 3π/2 is more accommodating, and allows for larger r s . However, there is no further information in m 2 spectrum, and, constrained by the observed rate, A F B is as in SM3.
The [8] . We find it extremely interesting that all three aspects are brought about naturally by the synergies of Abelian flavor symmetry (AFS) and SUSY. We will see that AFS brings in large s R -b R mixing, and SUSY makes this dynamical, and also activating one new CP phase ins R -b R mixing.
Focusing only on the 2-3 down sector, the normalized d quark mass matrix has the elementsM 
32 is unknown for lack of right-handed flavor dynamics. With effective AFS [9] , however, the Abelian nature impliesM
32 ∼ 1 is deduced. This may be the largest off-diagonal term, but its effect is hidden within SM. With SUSY, the flavor mixing extends tos R -b R , which we parametrize as ≡ R m
where m 2 ij m 2 , the common squark mass, and
There is just one [4] CP phase σ, which is on equal footing with the KM phase δ as both are rooted in the quark mass matrix. Note that
by quark mass, while M 2 LL is CKM suppressed. The presence of large flavor violation in squark masses pushes SUSY scale to above TeV, even after one decouples d-flavor [4] . Interestingly, the near democratic nature of (3) allows, by some fine tuning, one squark to be driven light by the large mixing. We denote this squark sb 1R , and take its mass at 200 GeV for illustration (so sb 2R would Let us now just discuss the salient results, which are plotted in Fig. 3 . Figure 3 (a) shows that b → sγ is rather accommodating. This is because the right-handed effect adds only in quadrature to b → sγ rate [4] . We cannot account for B → η K rate, but Fig. 3(b) shows that B → φK S rate can in principle be brought up for cos σ < 0, while it is known that the standard gluonic dipole penguin (c 12 ) suppresses the rate. It is amusing that if one takes the two rates together as constraints, purely imaginary σ is preferred, which is further born out from CP measurables. Figure 3 (c) plots the enigmatic S φK S vs. σ. It is interesting that the low sb 1R mass, together with a low mg mass of 500 GeV, can [7, 8] bring S φK S negative for σ ∼ π/2. However, as seen from Fig. 3(d) , S η K S stays above sin 2Φ B d ∼ = 0.74 hence is positive [8] . This is due to right-handed interactions. More specifically, one has
where · · · are several terms ∝ a i + a i , and A(B 0 → η K 0 ) is even more complicated, but the crucial point is a sign change for the c 12 term. Pseudoscalar production picks up the sign of the axial current! Besides elucidating how S φK S < 0 while S η K S ∼ sin 2Φ B d can be maintained, (5) also shows the elements in enhancing the effect of c 12 . Lowering squark and gluino masses enhances c 12 , but we also have the hadronic parametersS φK /q 2 . We resort to these for further enhancement rather than lowering mg further.
Having zoomed into σ ∼ 65
• as "preferred", we were surprised to find, contrary to our earlier thought [4] , that the lighter gluino makes ∆m Bs > ∼ 70 ps −1 rather difficult to avoid [5] , even though sin 2Φ Bs could vary through 0 to 1. Reminded by the sluggish start of Tevatron Run II, it seems that ∆m Bs > ∼ 70 ps −1 would have to await LHCb or BTeV. What is worse, even with ∆m Bs measured some years from now, the very fast B s oscillations would make, with the exception of perhaps sin 2Φ Bs itself, much of the CP program in B s decay rather difficult.
We are, however, intrigued by a very recent development. BaBar has made a first attempt [1] at measuring S K S π 0 , "reconstructing" the B 0 vertex by extrapolating K S momentum onto the boost, i.e. B direction, a knowledge that is unique to B factories. They find S K S π 0 = 0.48
−0.47 ± 0.10, which is in agreement with our results shown in Fig. 3(e) . The features are similar to S η K S of Fig. 3(d) , since both are P P final states. What excites us is the prospect for measuring mixing dependent CP in B → K * 0 γ, formerly thought impossible, but now hopeful with this "K S vertexing" technique. We note that S M 0 γ = 2|c 11 c 11 | |c 11 | 2 + |c 11 | 2 ξ sin (2φ B d − ϕ 11 − ϕ 11 ) , (6) where ξ is the CP of reconstructed M 0 final state, and Fig. 3(f) .
The finiteness of this single measurable justifies the luminosity upgrades of B factories, currently being contemplated, because it provides a clean measure and confirmation of the type of NP. The measurables such as S φK S , S η K S and S K S π 0 , tantalizing as they might be, are plagued by hadronic parameters such asS φK /q 2 . We note, finally, that S K S π 0 γ (B 0 →K * 0 γ) is close to impossible to measure at hadronic machines, for not knowing B direction, and having too many photons.
SuperB upgrades should invest on a large Silicon Vertex Detector.
